were determined from observations and measurements on the surface and in drill holes and tunnels.
Rock slides above the explosion points were the most obvious surface effects. Movement took place mainly along preexplosion fractures. Displacements were observed at distances up to 3,000 feet on the surface and up to 2,500 feet in tunnels.
Below the Rainier chamber a hemispherical breccia zone about 75 feet in radius was found. The breccia contains angular blocks of tuff in a pulverized matrix which contains droplets and fragments of radioactive glass. The glass contains the bulk of the fission products and seems to be restricted to the breccia zone. Beyond the breccia for a radial distance of at least 110 feet from the chamber, the tuff is minutely fractured and is characterized by low compressive strength, low velocity, and high permeability. One year after the explosion temperatures greater than 2°C above normal extended 120 feet horizontally and
INTRODUCTION
This talk will summarize briefly some results obtained from the Geological Survey's investigations of the effects of Rainier, Logan, and Blanca underground nuclear explosions on the tuffaceous rocks that surround the shot chambers. Reports on some of these investigations have been written by Gibbons (1958) , McKeown and others (1958) , and Diment and others (1959) . The effects of these shots will be described in the following order: Those observed on the surface, in the underground workings and core holes, and, finally, the preliminary results from laboratory investigations of the affected tuffs.
The energy released, vertical and minimum cover, and minimum scaled depth for the Rainier, Logan, and Blanca tests are shown on figure 1. Scaled depth is a method of relating the depth of an explosion to the energy released and is defined as the ratio of depth of burial to the cube root of the energy released measured in kilotons of TNT equivalent.
EFFECTS ON SURFACE
On the surface of Rainier Mesa ( fig. 2 ), the area affected by the Rainier explosion extends along the mesa rim about 2,000 feet north and about 3,500 feet south of ground zero. A vertical section parallel to the tunnel is shown on figure 12.
The breccia zone extends below the explosion chamber for about 80 feet and is roughly ellipsoidal. The breccia zone 100 feet above the chamber has a maximum width of 170 feet and minimum estimated width of about 150 feet.
A vertical hole drilled from the surface near ground zero entered a cavity 385 feet above the explosion chamber. This cavity is considered to be the upper limit of the collapsed zone.
Assuming the breccia mass is egg shaped and has a vertical length of 465 feet, the total volume of crushed rock is about 244,000 cubic yards or 143,500 cubic yards per kiloton.
The explosion breccia in the Exploratory tunnel is composed
• of angular to subrounded fragments of white to brown ta ff and radioactive glass in a fine-grained matrix of brown-gray tuff. Near the outer edge of the breccia zone, the fragments range from a few inches to 3 feet across, whereas in the central part they are larger, some measuring 12 feet long and 3 feet wide. In the 100-foot level, t the breccia contains no glass, is not abnormally radioactive, and is less well compacted. Cavities several feet across were intersected in the drift.
Character of explosion-produced glass
The explosion-produced glass shown in black on figure 12 is concentrated in two poorly defined zones separated by as much as 15 feet of breccia containing low radioactivity. All of the glass is radioactive and most of it is in the breccia below the level of the explosion chamber. The upper zone is considered to have formed by collapse of the cavity produced by the explosion.
The glass shown in black on figure 13 occurs (1) as disseminated rounded to subrounded masses as much as 5 inches across within the breccia matrix which is shown blank, (2) as thin coatings on breccia fragments-stippled, and (3) Above Rainier, the unconsolidated tuffs were easily collapsed as a result of the explosion thereby further extending vertically the breccia zone. Over Logan the compact tuffs were more stable and self supporting; consequently, the vertical length of the breccia zone was much less than for Rainier.
The breccia wries significantly with distance from the explosion.
In the upper parts it is less compact, contains no fused material, and is not radioactive. 
GEOLOGIC MAP AND SECTIONS OF PART OF UI2e TUNNEL COMPLEX SHOWING EXPLORATORY DRILL HOLES AND SOME EFFECTS OF THE LOGAN AND 8LANCA EXPLOSIONS
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